The financial market crisis has prompted policymakers to devote substantial attention to ways in which capital market risks shape pension performance, but few analysts have asked how shocks to human capital shape retirement wellbeing. Yet human capital risks due to fluctuations in labor earnings, employment volatility, and survival, can have a profound influence on pension accumulations and payouts. This paper reviews existing studies and offers a framework to think about how human capital risk can influence pension outcomes. We conclude with thoughts on how future analysts can better assess sensitivity of pension plan outcomes to a labor income uncertainty. 
Labor Market Uncertainty and Pension System Performance
Olivia S. Mitchell and John A. Turner As perhaps never before, the financial market crisis is focusing attention on the many ways in which pensions are susceptible to capital market risks. And in keeping with the large magnitude of recent market collapses, many analysts have examined how equity risk translates into wealth and benefit payouts under alternative pension regimes.
1 Nevertheless, relatively few analysts to date have explored how human capital risks are incorporated in pension system performance. The specific human capital risks on which we focus in this chapter include volatility in labor earnings and uncertainty in hours of work and the length of the worklife, as well as length of life after retirement. Thus, for instance, wage rates may rise or fall, hours of work may fluctuate, and at the extensive margin, the length of the worklife and the retirement period can vary when retirement ages or mortality patterns change. Each of these dimensions of labor market uncertainty involve different ways in which risk influences how workers earn a livingand in turn, in how this risk is translated into risky retirement income.
In what follows, we discuss these issues as well as interactions between human capital and capital market risk that must also be accounted for in careful models of pension performance. We first briefly outline pension structures and how they interact with human capital risk. The discussion indicates which types of human capital risk have been captured (or ignored) in the literature to date, as well as what kinds of capital market risks are modeled. We then turn to a brief review of existing models and what they can teach us about the relative importance of human capital versus other types of risk. This is followed by a discussion of different ways to judge pension benefit outcomes, and we conclude with a discussion of what is needed to better integrate human capital risk when assessing pension performance.
I. Pension Structures and Human Capital Uncertainty
To introduce the topic, we briefly review key pension plan types and how different pension systems might interact with uncertainty in human capital resulting from volatility in wage rates and labor earnings, as well as changes in the length of the worklife and retirement period.
Pension Plan Types
Defined Contribution Plans. Defined contribution (DC) pensions are retirement programs where employer and employee contributions (in percentage or money terms) are explicitly deferred from workers' paychecks and accumulated in a retirement scheme. One prominent example is the 401(k) plan where US workers generally contribute a percentage of their pay, and where employers may also provide a match based on employee contributions. Similar systems include the Australian Superannuation program, the Chilean-style individual account system, and in private accounts under the Swedish funded DC scheme (Premium Pension), to name just a few.
In DC plans, pension accruals depend on how much and how often money is contributed to the plans. Since contributions usually depend on labor earnings, the accumulation of retirement assets is directly impacted by workers' earnings and employment patterns, as well as when they work.
(Sometimes retirement assets are also made available for hardship withdrawals or loans, in which case benefit adequacy may be influence by the extent to which the option is exercised.) To dampen the impact of labor market volatility on retirement outcomes, DC schemes are sometimes paired with minimum benefit guarantees made available to workers who contribute a long time -as in the Chilean system prior to the 2008 reform, where workers had to contribute 20 years to earn a right to the minimum pension guarantee (Arenas de Mesa et al. 2008) . In other cases, governments elect to subsidize contributions for those with low or no earnings, as in the case of the German Reister plans (Maurer and Schlag, 2003) . In both instances, human capital risk in the form of shocks to employment, labor earnings, and pension contributions, will be mitigated by retirees receiving government support (particularly when the minimum benefit is financed with pay-as-you-go transfers outside the DC system). If such safety-net arrangements are not available, DC plans tend to provide relatively little protection for human capital risk. That is, a healthy and highly paid employee who always contributes to his plan is likely to end up with a much larger accumulation in his plan compared to a worker whose pay fluctuates, who experiences layoffs, and who may leave the labor force due to medical or other considerations.
DC plans also expose the worker to capital market risk and fiduciary risk. That is, participants often exert some degree of choice over where to invest their contributions, which exposes them to capital market risk arising from directly holding the underlying assets. The recent global financial meltdown illustrates how vulnerable retirement accounts may be to capital market shocks. 2 Fiduciary risk refers to the opportunity for pension assets to be used for purposes other than intended, most recently illustrated by Argentina's government takeover of around $30 billion in assets held by investors in the private pension system (Neumann 2008) .
Defined Benefit Plans. There are many different types of defined benefit (DB) plans, but for the present purposes, they may be characterized as retirement schemes where promised benefits are described by formulas that depend on retiree lifetime labor earnings, years of service, and retirement ages. In many Western nations, DB benefits are typically paid as a life annuity; in other countries, such as Japan, benefits are traditionally paid as a lump sum. DB plans treat human capital shocks differently than do DC
plans. An employee with a DB plan must usually spend a certain number of years in the plan before he earns a so-called "vested right" or legal claim to an eventual retirement payment. Job change usually terminates or curtails a worker's eventual retirement entitlement, and even when it does not, the benefit is generally deferred until the plan's normal retirement age and may not be inflation-indexed. For this reason, DB plans can be quite risky for a mobile workforce: leaving a job with a DB plan or getting laid off or downsized prior to retirement can be financially costly to the affected worker. In this sense, the DC structure imposes fewer pension losses for those in high turnover jobs and industries, as compared to DB plans. It is also worth noting that DB benefit formulas can magnify labor market risk, to the extent that the benefit formula is linked to a worker's final pay. By contrast, DB formulas may use an averaging approach making the benefit a function of career average pay; this smooths labor earnings shocks in the payout levels.
Some argue that DB plans are safer than DC plans since participants need not bear capital market risk directly. This is thought to be true because the plan sponsor invests the plan assets and -in theory at least -boosts contributions if the plan becomes underfunded. Yet the apparent safety of DB plans is undermined when the plan sponsor fails to contribute and then goes out of business. As an example, when the Australian Ansett Airlines filed for bankruptcy in 2002 with an underfunded DB plan, participants experienced large pension losses as a result (Ferris 2005) . In some countries (e.g UK, the U.S.), government agencies have been established to help protect against DB plan underfunding, but it is now clear that these schemes also face a substantial risk of insolvency (Brown 2008) . In any event, DB plans can provide some protection against human capital risk, but they are far from being clearly 'safer' along many dimensions.
Hybrid Plans. Several variants on the traditional pension models incorporate both DB and DC aspects.
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Some are DB plans with DC-like features which shift risk traditionally borne by employers to workers by linking payout to market financial indexes. Others are DC plans with rate of return guarantees that seek to lower workers' exposure to financial market risks (Turner and Rajnes 2003) . Some firms have hybrids that include both a DC plan and promise a DB floor benefit (Cohen and Fitzgerald 2007; McGill et al. 2009 ).
The Netherlands has its own version of hybrid pension called the 'collective defined contribution' (CDC) system (Bovenberg nd). Instead of basing benefits on final average earnings, the Dutch hybrid ties 3 We also note that many workers have both DB and DC plans. In some countries, firms that offer separate DB and DC plans with no interaction between the two are deemed to be hybrid plans as for example, in Canada (Wesbroom and Reay 2005) . About 14 percent of the U.S. private sector workforce participated in both DB and DC plans provided by their employer (Buessing and Soto 2006) . benefits to career average earnings; benefit indexation depends on plan finances. A CDC plan has a benefit formula similar to a DB plan: that is, employers contribute a fixed percentage of wages to these plans and bear no additional liability if plan investments perform poorly. In turn, plan assets are managed by professional money managers but investment and longevity risks are shifted to employees as a group.
When a CDC plan becomes underfunded, the plan governing body (formed by employer and employee representatives) must determine how to restore full funding. This can be achieved by increasing employee but not employer contributions, or by making benefit accruals and indexing contingent on plan financial performance. If the plan becomes overfunded, the workers generally benefit rather than the employer. Some Dutch companies have added the feature that if the plan becomes overfunded, they can reduce their contribution, but such plans do not qualify as a CDC plan.
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II. Interactions between Human Capital Uncertainty and Pension Performance
To dig deeper into how human capital uncertainty might affect payouts under different pension plan structures, this section takes up two conceptual issues. First we discuss how variability in labor earnings might translate into pension payouts under a DB plan, a CDC plan, and a DC plan. Second, we examine the same questions with regard to employment shocks. Table 1 summarizes the approach. The discussion is not exhaustive, but instead develops a typology of issues and highlight factors that must be taken into account in policy-relevant models of pension performance. Table 1 here Wage Shocks. Payoffs to human capital are reflected in the increment to wages and salaries paid to education, skills/training, and labor market experience. Because wage rates are not fixed over time nor over the life cycle, human capital risk involves uncertainty about the returns to these human capital investments. Wage shocks can arise for various reasons including skill obsolescence, productivity losses due to poor health or disability, or macroeconomic factors that alter the value of worker effort.
Longitudinal administrative records from employers or tax authorities are needed if one is to uncover patterns of pay over workers' lifetimes. Yet micro-level data on wage distributions are difficult to obtain, making it difficult to measure the magnitude and distribution of wage rate shocks and identify their root causes. As a result, most pension models assume a so-called "humped-shape earnings profile" for lifecycle earnings, taking the form of an inverted-U with age. Interestingly, this so-called 'classic'
earnings pattern turns out not to be that commonplace, at least in some US where only 14 percent of US 4 Some large plans have established pension "ladders," with formulas that explicitly determine the indexation rate applied to average wages and to benefits in payment at different plan funding levels. The adjustments tend to be made primarily through changes in indexation rates rather than through changes in contribution rates. These plans appeal to employers because the employer bears less risk than in a traditional DB plan. They can appeal to employees because the employee bears less risk than in a traditional DC plan.
workers fit this profile (Bosworth et al. 1999) . In that study about the same fraction had real earnings patterns that sagged during their middle years, another group had flat real earnings profiles, and still another had declining real earnings after some fairly young age. For instance Figure 1 shows the how mean earnings varies, depending on whether the average includes or excludes those with zero earnings, and how the percentage with zero earnings varies over the life cycle and by income bracket. This tantalizing evidence, though slim, suggests that the single hump-shaped lifecycle earnings profile is less than relevant for everyone.
Figure 1 here
Life-cycle earnings profiles also differ considerably by sex and income level. Table 2 , from the same source, underscores this point. The same study showed that while one-quarter of US men had humpshape earnings profiles, only half as many women did. Half of all men had declining life-cycle earnings profiles, and one-third of the women. The data also show that low-earning women were most likely to have declining earnings profiles, but women were -somewhat surprisingly -also more likely to have rising earnings profiles than men. Another notable finding seen in Table 2 is that including only those with nonzero earnings produces higher and much smoother earnings patterns than would characterize workers as a whole. Including those who are unemployed or laid off changes thus results considerably, and the bias due to ignoring zero earning varies by sex, age, and income level. Whether these patterns are prevalent for other countries and cohorts is unknown, but it is first-order urgent to find out, so as to determine what "real world" labor patterns mean for "real world" retirement plan outcomes.
Table 2 here
Many analysts have worked on the question of why labor earnings differ across workers of different types and over the life cycle. Clearly health shocks and family patterns matter: in the UK, for instance women are more likely than men to work part-time and to interrupt their careers due to caregiving responsibilities; they also tend to retire earlier than men (Hermes 2009 ). Whether the volatility of labor income shocks also varies across people over the life cycle is less well-studied. Mazumder (2001), for instance, uses administrative records to show that the variance in the transitory component of earnings in the US follows a U-shaped pattern with age and groups such as Blacks and the less-educated have higher lifetime earnings variances than others. While more remains to be shown along these lines, the patterns imply that projections of pension replacement rates which assume everyone traces out a smooth earnings profile are inaccurate for many. As an example, Mitchell and Phillips (2006) use US data to show that benefit replacement rates generated for actual workers' career paths tend to be much higher than for simulated hypothetical lifetime earners. 5 This occurs because actual pay profiles are more erratic and lower than commonly-used hypothetical profiles; since the benefit formula is more generous to low-lifetime-earners, benefit replacement rates are therefore higher than usually simulated.
Another factor to note is that shocks to labor earnings may translate differently into retirement incomes, depending on whether the pension regime is DB, DC, or hybrid. Also important are specific plan features, which often include notches or nonlinearities which can dramatically change outcomes with just one more year of work, for instance. As Table 1 indicates, normally pension benefits depend in some way on lifetime earnings, but in a DC plan, each year of earnings matters for pension outcomes because contributions are deposited annually. Moreover, early years tend to matter the most, when compound interest is earned on assets. By contrast, career-average DB plans tend to weight each year of pay similarly, while final-pay formulas count only the last (or last few) years in computing benefit amounts.
For this reason, wage shocks occurring late in life tend to have a larger impact on benefit outcomes in DB than in DC plans. Using UK parameters, Blake et al. (2007) conclude that DC plans are most attractive to workers with highest career average salaries (relative to final salary), as well as those whose salary peaks early in their careers. Assuming the same constant contribution rate, male personal service workers in that model receive 34 percent higher DC pensions (relative to final salary) than male professionals whose incomes peaked later in their careers. DB plans, by contrast, favor workers with high earnings at the end of their careers, long-tenured and persistently high achievers.
Employment Shocks. Next we discuss how pension systems might differ in the way they transmit employment shocks into pension outcomes, a matter of particular concern when labor markets are very fluid and/or workers flow in and out of formal sector employment. This is particularly relevant in developing countries with relatively few pension-covered jobs but many pension-uncovered jobs. 6 In Mexico, for instance, there are substantial flows between employment and self-employment; in the latter case, the worker is unlikely to contribute to the pension (Bosch and Maloney 2006) . In the Chilean individual accounts system, a large fraction of workers is only intermittently attached to the pension system, in part because their jobs are short-term, in part because they are self-employed and not required to contribute, and in part because of contribution evasion (Figure 2 , c.f. Arenas de Mesa et al. 2008) . In this case, projected replacement rates which assume a full career of contribution will substantially overestimate retirement payouts. Moreover, the bias again differs by subgroups; for instance, Arenas de Mesa et al. (2008) show that those with the highest 'density of contributions' (or fraction of the worklife during which positive contributions are made) are the better-paid, better educated, and male employees.
6 Another problem arising from volatile employment patterns is that workers may lose their pension entitlement due to poor documentation, or because the plan sponsor may have changed location, changed names, been bought out or merged with another firm, or gone out of business. This occurs in both DB and DC plans but is more prevalent in DB plans because they are less likely to provide portability (Bruce et al. 2005) . Because of these changes, workers may encounter difficulties finding their pension plans to claim benefits.
Conversely, those least likely to have persistent pension coverage are women and the less educated.
Contribution evasion is also common in developing nations, particularly for small firms and among lower paid employees (Bailey and Turner 2001) .
Figure 2 here
Pension systems also differ in the way they handle employment volatility, with few schemes offering perfect "pension portability" preserving employee rights to retain pension rights after leaving a job. In the DB context, job changers and those with weak labor market attachment may lose for two reasons. First, they may never gain eligibility for a benefit: for instance, the U.S. Social Security system requires a minimum of 10 years of contributions to receive any retirement pension. Second, DB backloading rules mean that mobile workers give up the option for rapid benefit accruals just prior to retirement. In Canada, for instance, a terminated worker's DB benefit is normally fixed in nominal terms, so as soon as the worker leaves his firm, his deferred pension payment immediately begins to fall in value due to inflation. Job changers may also suffer a DB benefit loss because they give up early retirement subsidies; see McGill et al. (2009) . 7 The DC model is generally more forgiving of job change, though there can still be problems due to vesting rules.
Another factor that has not much been noted in models of pension performance to date is the role of macroeconomic shocks. Recessions can have an important impact on pension accruals, inasmuch as economic downturns wreak job destruction, erode job creation processes, and generate high levels of involuntary turnover. As an example, in the U.S., more than one-fifth of 401(k) participants reduced their contributions and 4 percent stopped contributing in 2008 due to the economic downturn (O'Connor-Grant 2008). In Uruguay, Bucheli et al. (2007) report an average contribution density of 60 percent over the lifetime, an average that conceals wide extremes, with 28 percent contributing in all months, and another 40 percent contributing less than half the time. For the present purposes, the most interesting finding was that the contribution density was closely linked to the unemployment rate, falling when unemployment was high and rising when it was low. The Uruguay study also reports that contributions for higher-paid 7 Efforts to link life cycle employment volatility and pension outcomes are few, mainly because of the difficulty of obtaining microeconomic longitudinal data on the patterns of real workers' contributions to their pension schemes. In the U.S., the evidence suggests that DC plan participants are persistent in making contributions, but the contribution rates vary over time. Thus Smith et al. (2004) followed employees in 401(k) plans for a dozen years, and reported that only 27 percent of those studied made persistent contributions at a stable contribution rate for the entire period. Of the remainder, 24 percent increased their contribution rates over time, 8 percent decreased their payments, 19 percent had breaks in their contribution patterns, and 23 percent had fluctuating contributions. Using tax data 1987-96, Smith (2001) found substantial dropoff rates in workers' contributions to Individual Retirement Accounts (IRAs); only 45 percent were still contributing in 1992, and 40 percent contributing through 1996, of those who contributed in 1987. In the UK context, Smith (2006) found a link between pension contributions and changes in income needs measured by changes in financial circumstances such as health shocks, having a baby, or moving to a new house. In Canada, about half of participants in Registered Retirement Savings Plans (RRSPs, or individual account plans) contributed in only one or two of the three years between 1991 and 1993 (Maser 1995 .
employees declined during economic downturns because people lost their jobs, moved to the informal sector, and had greater difficulty finding formal sector jobs; the pattern did not hold for the low-paid, or for workers in the public sector. In Chile, higher national unemployment rates have been found to depress contribution densities for men but have the opposite effect on women, perhaps because women offset labor market changes experienced by their husbands (Berstein et al. 2005) .
Pension Payouts. Above we identified several ways in which human capital risk influences pension accumulations; it is also worth mentioning how these same factors can influence payouts. This can occur with pre-retirement withdrawals, permitted in countries such as Canada, where LeBlanc (2002) shows that people facing substantial reductions in labor income accounted for most of the pre-retirement pension withdrawals. 8 Pension outcomes can also respond to employment via retirement behavior. How long people work and when they retire also shape both pension accumulations and the level of benefits paid during retirement. This is particularly true for DB plans, since many countries' national DB systems heavily subsidize early retirement benefits (Gruber and Wise 2007) and these subsidies have induced early retirement. The linkage tends to be exacerbated in recessions when older workers may view the pension as a subsidized way to leave the labor market rather than remain unemployed.
By contrast, it is sometimes argued that DC plans have no effect on retirement decisions: that is, if payouts are actuarially neutral, there may be economic benefit or penalty from deferring retirement an additional year. But several plan design elements can inhibit actuarial neutrality. For instance, a DC plan may sometimes be priced using outdated or unisex mortality tables, making expected benefits for any given individual actuarially unfair ); here the DC plan still can influence retirement patterns. Also if DC accounts earn unexpectedly negative investment returns, wealth effects are likely to induce workers to delay retirement to offset pension losses (Gustman and Steinmeier 2002) . This is likely to be important in the current financial climate. Relatedly, those wishing to annuitize their account balances will tend to delay retirement when interest rates fall due to reduced annuity payments (Soares and Warshawsky 2003). 9 In sum, this section has shown that DB participants face the problem of lack of portability when changing jobs, as well as uncertainty about how shocks to labor income will influence benefit payments.
They are also exposed to the potential of DB plan termination or bankruptcy, about which we say more below. In DC plans, workers may experience labor or capital market shocks which leave them with periods of low or non-contribution and/or unexpectedly low benefit amounts. 8 In other countries, pre-retirement access to pension funds by workers is not permitted. 9 Burtless (2000) , for example, evaluates the impact of fluctuations in financial markets using U.S. historical data for a hypothetical worker in a DC plan; the author concludes that variations in capital returns and the discount rate for an annuity conversion can change the value of retirement income relative to pre-retirement earnings by 20-110 percent of pre-retirement earnings. For workers with a DB plan, the employer bears the risk of fluctuation in the underlying assets, whereas in hybrid CDC plans, this risk is shared between employers and employees.
III. Integrating Human Capital Uncertainty into Models of Pension Outcomes
Next we turn to an overview of models that have been developed to illustrate the importance of human capital risks for pension outcomes. Our discussion outlines how these models differ according to their structure, inputs, outputs, and solution methods, seeking to illustrate the strengths and weaknesses of different approaches for different purposes. In what follows, we first differentiate between deterministic versus stochastic models, noting that deterministic models can be run using alternative scenarios as a way of exploring the range of outcomes. Next we discuss microeconomic optimization models used to study the optimal structure of retirement income systems. We conclude with a discussion of how to integrate human capital and capital market interactions. Table 3 summarizes key findings. Table 3 here Alternative Modeling Approaches. Models of pension system can be used to simulate alternative outcomes, often for the purpose of assessing reform options. The building blocks of typical models include labor market patterns -including labor earnings, job change, un/nonemployment, and retirement patterns -and capital market outcomes -namely the risk and return assumptions pertinent to assets held (in the case of a funded system). In addition, specific pension system behaviors may need to be modeled to determine pension contribution patterns, investment allocations, and, possibly, leakages from these accounts.
Deterministic vs Stochastic Models. To reduce the complexity of the problem, many analysts have taken a deterministic tack, rather than explicitly modeling shocks to human and financial capital. One such approach uses simulation: for instance the World Bank's Prost model is a nonstochastic aggregate approach used by many countries to make aggregate projections of their pension system financial flows.
10 Prost models pension contributions, entitlements, system revenues and system expenditures over a long time frame. As another recent example, Munnell et al. (2006) project DC plan account balances of workers to age 65 (assuming all retire at that age) based on current age/cohort patterns in the US Survey of Consumer Finances. Thus capital market risk and human capital risk are explicitly ignored and they preserve observed current differences in wealth accumulation over time. The authors also assume all households annuitize their total wealth at retirement (including housing wealth) using an inflation-indexed annuity with a two-thirds survivors benefit. This approach is critiqued by Scholz et al. (2008) as understating retirement replacement rates because it uses a single projected earnings trajectory; it thus overstates future earnings for many people. Other analysts simplify the projection problem in other ways, for instance assuming that invested pension assets earn a constant rate of return over time in projecting DC plan accumulations (c.f. Poterba et al. 2007; Mitchell et al. 2000) . 11 Researchers have often had to rely on aggregate data and actuarial models to compute benefit replacement rates for hypothetical fulltime workers employed over their entire careers (Mitchell 2008) . Such a "cell-based" approach uses stylized earnings paths, such as those used in OECD (2007) and Whitehouse (2007) derived from average economy-wide earnings paths, on the assumption that these hypothetical workers never change their relative position in the earnings distribution and further that there is no volatility in earnings profiles.
Related work for Peru by Bernal et al. (2008) employs aggregate coverage data in an actuarial cell-based model to predict eventual replacement rates; similar simulations for Chile appear in Berstein et al. (2005) and Favre et al. (2006) .
An alternative approach for generating pension outcomes employs stochastic simulation to estimate the range of outcomes that might be associated with factors such as longevity, capital market performance, or labor income uncertainty. Following Orcutt (1957) , microsimulation models are widely used by policymakers in many nations to project retirement income adequacy with computer models that model individual units, such as people or firms, in a complex system of multiple equations. 12 In such an approach, one or more of the projection factors is assigned a random rather than a fixed value. Each simulation makes random draws for the stochastic variables from their assumed probability distributions and uses those values to produce future pension outcomes. Those outcomes are assumed to represent the distribution of actual outcomes that might be realized in the future. Multiple runs produce an array of results which can then be analyzed statistically, including calculating the probability and size of shortfalls.
A recent criticism of these models is that they usually assume a normal distribution for stock market returns, but it may be that the probability of extreme events is higher than that represented by a normal distribution (called the "fat tails" problem; see Laise 2009 ). Researchers have not yet addressed whether the distribution of human capital risks also are exposed to this sort of non-normal risk.
The choice of which approach to use depends to some extent on the data inputs available, and the questions driving the analysis. For instance, Kotlikoff (2008) treats mortality and stock market rates of return as stochastic, and examines the impact of insurance on individuals' retirement saving patterns; his 11 For instance, Poterba et al. (2007) do not model capital market risk in making their projections. Rather, they assume that 401(k) portfolios are allocated 60 /40 to large capitalization equities/corporate bonds; that the average returns on corporate equities is equivalent to about 9.2 percent real and 3.2 percent on bonds. Further, they omit any impact of investment fees on net rates of return. They report average (mean) account balances. Given the skewness in account balances, with a small number of people having large balances, median account balances would be more indicative of the account balances of the typical participant. Account balances at the bottom and top decile would provide information about the extremes. They do not report replacement rates, but calculate the ratio of total 401(k) assets to GDP. 12 Surveys of this literature include Baroni and Richiardi (2007) and Dupont et al. (2003) ; examples of software include Destinie (Crenner 2008) for France, Cosi and Midas (Dekkers et al. 2009 ) in Belgium, and Pensim (Curry 1996) Microeconomic Optimization Models. An alternative to simulation/projection models is to devise life cycle economic optimization models that generate desired wealth distributions in retirement. These desirable outcomes can then be compared to actual wealth patterns, to determine whether substantial shortfalls exist. Recent work by Sholz and coauthors arrives at the controversial conclusion that, at least in the US, much of the population has saved adequately for retirement (Scholz et al. 2006; Scholz and Seshadri, 2008) . That model necessarily embodies key simplifications: for instance, the authors assume
13 Both the MINT model and the ICI model are mainly used for pension policy outcomes analysis. The MINT model matches Social Security earnings records to data from the Census Bureau's Survey of Income and Program Participation (SIPP). Both the ICI model and DYNASIM can be used to study distributional issues and aggregate policy costs and effects. The new ICI model is similar to PENSIM in its focus on how job changes affect pension outcomes (Sabelhaus and Brady 2008) . VanDerhei (2002a, 2002b) use the EBRI-ICI 401(k) Accumulation Projection model to project the proportion of pre-retirement income that will be replaced by 401(k) assets. They incorporate uncertainty by each year determining whether a person contributes based on the percentage of workers at his age, tenure and salary level that participate. Similarly, a probability is assigned to determine whether a participant would take a loan or a pre-retirement withdrawal from his 401(k) plan. Loans and preretirement withdrawals are not allowed in most countries. Each year in the projections, rates of return are randomly assigned from the historic range of rates of return for different asset classes. In addition, they investigate the effects of capital market risk by running different scenarios in which they limit the range of rates of return to simulate a worst case scenario, or the effects of timing of a brief bear or bull market at different points of a worker's career or retirement. The Congressional Budget Office (2004a,b) projects asset flows into and out of DB, DC, and IRA plans. The studies assume that future participation and contribution rates will equal the age-specific rates in 1997. These studies do not consider the future spread of 401(k) plans or the effects of demographic trends on the accumulation in personal retirement plans. Poterba et al. (2007) project future levels of U.S. 401(k) account balances as of age 65 for cohorts for the years between 2000 and 2040. Those authors note that projected account balances depend critically on assumed rates of return: if one assumes the historical average, average account balances are projected to amount to about $452,000 (in 2000 dollars); however if the historical average less 300 basis points is assumed, averages will only be $269,000. To derive these estimates requires a large number of assumptions. Worker earnings are projected using the Health and Retirement Study. The intermediate earnings growth rate is used from the 2005 Annual Report of the Trustees of the Social Security Administration. Pension participation rates, job separation rates, and taking lump sum distributions at job separation are aspects of human capital risk or of behavior that they consider. Job separation rates are based on the 1998 Survey of Income and Participation (SIPP) based on five-year age intervals. Separation rates vary by age but not by time on the job. SIPP data from various years are used to track the spread of 401(k) plans and to project future participation rates. Based on this data, they assume the future annual rate of increase in 401(k) participation rates declines by 0.12 percent per year. The probability that the worker takes a lump sum distribution given job separation is taken from the Health and Retirement Survey. Based on data from the 2003 Survey of Income and Program Participation (SIPP), a combined employer-employee contribution rate of 10 percent is assumed, which does not vary across workers or over time.
that households face no mortality risk and pay no out-of-pocket health care expenses prior to retirement, and workers' pay is subject to a common random shock correlated across time. Uncertainty in retirement arises from post-retirement mortality and health care expenditures, the latter of which are also correlated over time. The authors assume that employees earn a constant real rate of return of 4 percent for both stocks and bonds, so capital market risk is ignored. The paper argues that older couples following an optimal consumption path will reduce consumption by one-third after the children leave home, and by another 30 percent after the death of one spouse. Taking account of household composition changes, they argue that far lower saving rates are needed than usually recommended by simple projection models and financial advisers; overall, they authors conclude that most U.S. households have saved optimally for retirement. It must be noted that the simulations take as given current Social Security benefit offerings, which in fact may be too optimistic given the system's pending insolvency; they also take mortality patterns as given. To the best of our knowledge, no one has applied this methodology to other countries.
In recent years, it has become increasingly feasible to use dynamic optimization to solve microeconomic life cycle models to determine how sensitive retirement outcomes might be to changes in underlying parameters. Some analysts use an illustrative individual assumed to start working early in life, accumulate retirement assets, and spend these funds to support retirement consumption (c.f. Horneff et al. 2007a Horneff et al. ,b, 2009 ). Such studies generally assume that the equity returns follow a random walk process with log normal returns, given some pre-specified mean and standard deviation. These models posit that individuals smooth their expected marginal utilities of consumption by selecting optimal consumption, saving, investment, and decumulation profiles. Early versions of this methodology assumed no uncertainty and adopted set values for future wage growth, returns on pension investments, and lifespans. 14 The advent of more computational power has permitted analysts to integrate ever more complexity, including stochastic mortality, risky equity returns, and most recently, risky labor earnings (c.f. Horneff et al. 2009; Maurer et al. 2009a ). This approach generally solves for a household's optimal portfolio mix rather than evaluating what an optimal replacement rate might be, as this approach focuses on investment questions and utility maximization rather any particular replacement rate outcome.
As one example, Campbell et al. (1999) showed that, the riskier is a person's labor income, and the more highly this risk is correlated with capital market volatility, the less she will tend to invest in equities. In this framework, labor income is cast as a non-tradable asset that affects the portfolio allocation of other assets in the worker's optimal portfolio. To the extent that human capital return profile has bond-like characteristics, this model implies that people with more human capital should favor equity in their pension accounts, particularly early in their careers (Blake et al. 2007 ). Horneff et al. (2009) extend the model by showing how human capital and capital market risks influence portfolio choice over 14 Horneff et al. (2007a,b) review this rapidly expanding literature.
the life cycle, particularly focusing on what happens when retirees can purchase payout annuities. That study shows that investors will optimally hold a high fraction of equities while young, with the fraction in equity falling with age. Further, they will move money from liquid saving into annuities as they approach retirement and continue to do so until the late 70s. 15 Thus models indicate that risky human capital interacts with capital market uncertainty to importantly shape investment decisions.
The next step in the research arena is to show how interactions between capital market shocks, labor income uncertainty, and retirement outcomes affect portfolios. Some researchers have modeled how work hours over the life cycle might react to volatility in equity returns, but many assume, rather unrealistically, that labor income risk is fully insurable in the capital market (i.e. wages are perfectly correlated with traded risky securities). 16 A few authors, most notably Gomes et al. (2008) , do take the next step by examining how workers might adapt their hours in response to shocks; to simplify the modeling, this study assumes mandatory retirement at a fixed age. In the real world of course, longer worklives also offer an important way in which older workers can adjust to negative labor and capital market surprises. Chai et al. (2009) take the next step by showing that, when both hours of work and retirement ages are endogenous, people boost their optimal equity holdings, particularly at older ages.
Younger people also work more, and introducing annuities prompts earlier retirement and higher participation by the elderly in financial markets
There is surprisingly little evidence on how correlations between shocks to labor income and capital market returns might drive retirement behavior. Indeed the most cited study assumes a zero correlation between stock returns and labor income shocks, relying on a US longitudinal study to justify this parameterization (Cocco, Gomes, and Maenhout 2005) . More recently, models incorporating human capital risk in pension outcomes are emerging which allow correlations between labor earnings and capital market uncertainty (Viceira 2009; Bagliano et al. 2009 ). In general, when labor income uncertainty is correlated with equity return shocks, this will powerfully alter workers' investment portfolios and work patterns.) Maurer et al. (2009a) show that more labor income uncertainty, or reduced old-age benefits, boosts demand for stable income for both the young and retirees. In addition, a declining equity glide path with age is appropriate for workers having little labor income uncertainty; by contrast, a worker anticipating high income risk, equity exposure starts low and rises to retirement age. In related work, Chai et al. (2009) conclude that higher labor income uncertainty spurs demand for stable income 15 When annuities are fairly priced, that study shows that a 40-year old investor lacking any bequest motive would trade half of her liquid wealth to gain access to the annuity; with a moderate bequest motive, she would still exchange one-third of her wealth to gain access to annuities. When reasonable loads and asymmetric mortality distributions are included, the utility gains are still worth over one-third of financial wealth. 16 See the studies reviewed in Chai et al (2009) .
among the young as well as the retired, whereas for the middle-aged, there is a tradeoff between work hours and retirement ages.
The current coincidence of the equity market meltdown coupled with the prospect of a long global recession underscores the reality that human and financial capital market shocks do occur simultaneously. For instance, Seligman and Wenger (2005) indicate that investment market returns tend to rise during periods of unemployment; to the extent that the stock market is a leading indicator, unemployed workers will miss an opportunity to invest via a pension when equity prices are low and rising. Such unemployment-related losses are larger for low-wage workers since they are more prone to job loss. Behavioral responses can also be important: for instance, Agnew (2004) job starts and finishes, on-the-job promotions, disability, and death. The authors separately estimate hazard functions to predict waiting times between such events, using longitudinal datasets. The paper concludes that DB plans are riskier than DC plans in the U.S. context, due to the pension loss experience by job-changing workers. Their simulations report that DB benefits were 17 percent higher than DC plans on average, but the standard deviation of outcomes was 67 percent higher in DB plans, indicating substantially greater pension risk. Some workers fared better on average in DC plans (see Table 4 ). That study did not allow for correlations between labor market uncertainty and shocks to equity returns. to compare DB versus DC plan outcomes, taking into account varying degrees of risk aversion and different wage processes correlated with returns on risky assets. That author found that DC plans provide better risk diversification for workers earlier in life because workers have few financial assets but relatively much human capital. By contrast, he found DB plans preferred later in life when they help reduce workers' exposure to financial markets. He also reported that DB plans would be more attractive to individuals with lower risk aversion. Table 5 illustrates the calculated sensitivity of the optimal DB replacement to human capital risk: the optimal replacement rate falls slightly as productivity growth increases, because the absolute benefit level rises. But wage variability has a large effect, with the optimal replacement rate rising substantially when wage variability is relatively low. This is because the benefits provided by final average pay DB plans are very sensitive to wage variability at the end of the working life.
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In sum, a range of modeling techniques has been used for analyzing pension outcomes in the face of labor income uncertainty. The models differ as to how they deal with human capital risks and there remain ways to integrate labor income uncertainty into models of pension outcomes. Least well studied are the interactions with capital market shocks, and there is room for improvement in integrating both human and financial capital market shocks.
IV. Benchmarks for Pension Performance
Before concluding our discussion of pension plan performance, it is important to briefly mention the wide range of benchmarks or concepts offered by which system outcomes have been judged (Mitchell 2008) . Some authors project annual retirement benefits paid from a national social security or companybased defined benefit plan and compare these to a measure of national average wages (OECD 2007).
Others convert annual retirement benefit flows into pension wealth, or the lifetime expected present value of promised pension benefits, as a way to determine a pension plan's generosity over the entire lifetime.
In doing so, of course, the latter measure incorporates longevity into the pension performance value. For funded defined contribution systems, analysts compute projected account balances at retirement (e.g. Poterba et al. 2007) . It is also conventional to use a "replacement rate" concept, or the ratio of pension payments compared to an income standard; the latter could refer to a worker's own final or career pay, or some national average pay level (e.g., Whitehouse 2007) . The success of a pension system can alternatively be measured by the rate of return provided on invested assets. In what follows we briefly outline performance targets most employed in the policy and academic literature on benefit payouts.
Performance Target: Adequacy. One benchmark in wide use in the West compares benefits paid by a pension system (or are projected to be paid) to some minimum criterion, where the latter is usually a country's income-based poverty line, the minimum wage level, or a national average earnings measure.
Adequacy metrics of this type have been used, for instance, by Citro and Michael (1995) who compare pension system income payments over time or across countries, usually for a hypothetical "average" or representative individual selected by the authors. This measure is useful in that it allows computation of how many people fall short of the minimum income line, and how large their shortfalls may be. On the other hand, some very interesting recent research by Meyer and Sullivan (2009) shows that income and consumption measures of deep poverty and poverty gaps in the US have actually moved in opposite directions over the past twenty years: income poverty rates have risen but consumption poverty has fallen.
For this reason, it is necessary to carefully define what is meant by "adequacy" in attempting to judge whether a pension system is performing adequately.
Performance Target: Income Replacement Rate. A different and widely used concept for measuring pension system performance is the so-called income replacement rate. In the literature, a replacement rate refers to the amount of income a retiree receives from his pension compared to some active worker income level (OECD 2007 (OECD , 2009 ). Target replacement rates of, say, 75 percent, are often recommended by financial planners for clients who cannot otherwise estimate what income they will need in retirement (Palmer 2004; VanDerhei 2006) . 19 A lower target replacement rate might be sensible if workers anticipate lower expenditures (and perhaps lower taxes) after leaving the labor market.
Implementing the replacement rate concept accordingly requires comparing two (more-or-less) readily observable economic flows, namely workers' market income and retirees' retirement benefits; pension systems would then be judged more successful when the replacement rate is higher. But despite the simplicity of this concept, in practice people come up with very different measures. For instance,
analysts disagree about what period to cover with regard to the earnings in the numerator. Some compare pension benefits with a worker's own labor earnings immediately prior to retirement; others make the comparison with own preretirement pay in a few peak years; and still others compare retirement benefits to the worker's entire career average pay. 20 (As an example, the U.S. Social Security system computes retirement benefits as a fraction of own pre-retirement earnings indexed for labor income growth; see 19 Rates in the range of 70 to 80 percent are often proposed as sensible target replacement rates for retirement benefits in the US, with the caveat that low-income workers may require higher replacement rates since they consume a higher percentage of their pre-retirement income when working (Scholz and Seshadri 2008) . The U.S. Department of Labor (2008) has recommended target replacement rates of at least 80 to 90 percent. 20 For instance Biggs and Springstead (2008) use four different measures of pre-retirement earnings to compute alternative replacement rate measures: what they call "final" earnings (average real earnings in the five years preceding retirement), average lifetime wage-indexed earnings, average price-indexed earnings, and average real income computed based on the present value of real lifetime earnings. Of course, the average lifetime earnings measures ignore when the earnings are received. Bosworth et al. 1999) . Also, analysts disagree on whether the replacement rate should compare benefits to gross (i.e. pretax) or net (after-tax) incomes (Munnell et al. 2006) . A third issue is that benefits may be worth much more early in retirement than they are later, for instance, if benefit payments not inflationindexed. In such a case, what might appear to be an initially-generous replacement rate will be eroded over time. A fourth consideration is that focusing on retirement benefits overlooks how long benefits will be paid (e.g. for a term, or until death for the individual and his/her partner). A fifth issue is that replacement rates should, by rights, be adjusted for household composition; it is widely agreed that one person requires fewer resources than a couple and children residing in their families have distinct consumption needs (Hurd and Rohwedder, 2008) . 21 Additional complexities in measuring relative benefit generosity include that not all benefits are life annuities. Hence what might appear to be a generous benefit at one point in time might become less generous if, for instance, the retiree exhausts his resources due to overspending, poor planning, or other shocks ). The point is that it is therefore critical to not only to assess replacement rate outcomes in a static sense, but also to track the trajectory of replacement rates over the retirement period to assess the risk of failure relative to some minimum target (VanDerhei 2006) .
Other considerations regarding using benefit replacement rates as a criterion for pension plan performance include the possibility that retiree expenses might differ from those of younger persons.
Thus nonworkers will not need to incur commuting costs and outlays for tools or clothing used on the job, or child-care expenses; in this case, daily expenses might be lower and so benefit income may stretch farther. On the other hand, some expenditures such as medical costs are substantially higher for retirees, and these costs tend to rise with age. Also, in the context of pension reform assessments, it is important to note that observed replacement rates will inevitably be endogenous. That is, the value of pension benefits paid is usually a function of when the worker retires, with the formula paying less to those who leave the job market early. In such a situation, an observed low replacement rate could either indicate a poorly performing system or the outcome of a program that permits workers to consume more leisure by leaving their jobs early. 22 For this reason, it is useful to measure replacement rates for some simulated or 21 It has been argued that the preferred way to compute replacement rate targets would not seek to maintain constant household consumption levels, but rather constant per capita consumption trajectories for those people remaining in the household. For instance Kotlikoff (2008) argues in favor of lower replacement rates than commonly used, noting that while raising children, adults with a typical family budget cannot consume very much. He calculates a target replacement rate of 42 percent for a couple with two children; the couple with no children has a target rate of 52 percent. Kotlikoff argues that conventional saving rate measures call for much higher saving than would be economically justified if the target were to smooth consumption per person over time. 22 Also those desiring to retire earlier will need to have a higher saving rate to finance their longer years of retirement. This higher savings rate depresses their pre-retirement net income and hence consumption, which in turn reduces the level of consumption relative to income that they need to replace in retirement (Schieber 1998) . Accordingly target replacement rates will be lower, the earlier is the target retirement age.
hypothetical worker at given ages (e.g. the earliest age at which benefits can be received, the normal retirement age, etc. An alternative approach computes replacement rates for actual rather than hypothetical workers. This is a data-intensive effort as it can only be implemented if a country has good longitudinal earnings histories for actual workers. Mitchell and Philips (2006) compare replacement rate measures estimated for hypothetical workers, with those computed using actual earnings data; they conclude that actual workers had many more gaps in their earnings than hypothetical workers. Since the U.S. pension system uses a progressive benefit formula, the results for actual workers generated higher replacement rates than would otherwise be concluded using hypothetical workers.
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A Caveat on Consumption Smoothing. A final point regarding pension outcomes measures is that replacement rates have been criticized by some as a poor measure of retirement wellbeing. The main reason is that the economic life cycle model of consumption and saving proposes that rational optimizing 23 Using data from the U.S. Bureau of Labor Statistics' Consumer Expenditure Survey, the Aon/Georgia State RETIRE Project shows that low-earner couples have benefit replacement rates of 85 percent, middle-earner couples 75 percent, and high-income couples 78 percent (Palmer 2004 ).
employees will seek to smooth the marginal utility of consumption over time, which is not equivalent to targeting a particular income replacement rate (Scholz et al. 2006 ). The point is that consumption patterns for many rationally change post-retirement, since their time is worth less in retirement than while working. As a result, retirees will naturally tend to substitute time for expenditure after leaving the job market -meaning that it is cheaper to live in retirement (Aguiar and Hurst 2005) . As Skinner (2007) notes, "planning for consumption smoothing doesn't mean one has to maintain consumption spending through retirement."
Another consideration is that in-kind benefits are often not included in the metric of resources available to retirees, to some extent because it may be difficult to measure the value of food or transport subsidies, medical care provided, or the like. 24 Such shortcomings in the computation of income replacement rates have led some to move away from the simple measure of income replacement rates toward measures that involve adjustments such as for the imputed rent on housing. Each of these points serves to weaken the theoretical underpinning for focusing on a simple retirement replacement rate goal.
Performance Target: Efficiency. An alternative indicator of pension performance could be the system's efficiency, again a concept that can be measured many different ways. One approach focuses on the level of fees and charges levied by the pension system (Mitchell 1998; Turner and Witte 2008) . From this perspective, scale economies may arise due to fixed costs and also as a result of how the pension system is organized. For instance, when a defined contribution plan has a single pool of assets managed centrally, it may have lower administrative costs than the same plan with numerous individual accounts where each account holder is permitted to decide how his own assets are allocated. Economies also occur with experience, so that older plans may be more efficient than younger plans due to learning by doing.
An alternative measure of efficiency is tied to the rates of return received on pension funds. For example, a defined contribution plan could charge low fees but be inefficient because of the lack of diversification provided by the offered investment menu (Tang and Mitchell 2008) .
In sum, a commonly-used measure of pension system outcomes, namely benefit replacement rates, has been challenged for a number of theoretical and conceptual reasons. Nevertheless some analysts will still use an average target replacement rate of around 75 percent, but a more sophisticated approach is to emphasize instead adequacy targets, perhaps adjusted for household size and composition, benefits in kind, and taxes/transfers. Naturally, whatever metric is proposed, the challenge for policymakers interested in measuring outcomes is the reality that longitudinal microeconomic data that is needed to simulate, project, and assess lifetime labor income patterns and benefit outcomes.
IV. Conclusions and Policy Implications
This chapter emphasizes the key importance of integrating human capital and financial market risks into any assessment of pension system performance. The most relevant human capital risks discussed here include volatility of labor earnings, uncertainty in hours of work and the length of the worklife, and longevity in retirement. We have shown how such fluctuations in wage rates, unemployment, and hours of work can produce very different pension outcomes; and at the extensive margin, the length of the work and retirement periods also shape retirement payouts. In fact, the recent literature suggests that labor income uncertainty may be quantitatively more important than financial capital risk in determining retirement wellbeing for most people, insofar as their labor market earnings represent their primary form of wealth. We also show that the next generation of pension models will need to be more thoughtful in specifying what the sensible pension performance standards should be, moving beyond a simple income replacement rate notion to take into account consumption, leisure, and lifespans.
Analysis of pension outcomes and the impact of pension policy changes would be greatly facilitated by access to new microeconomic longitudinal data sources. Of most value would be information tracking individual workers over time, particularly panel data linked to administrative records. For example, the UK, US, and several European nations are now gathering such data which provide information on lifetime earnings as well as employment and pension contribution patterns, linked to socio-demographic detail about respondents. Similar efforts are now underway in Chile with the Social Protection Survey, Korea with the Korean Health and Retirement study, Japan with the Japanese Survey of Health and Retirement (JSTAR), and China with the CHARLS study. These datasets will be invaluable in providing a more realistic picture of the variability in labor earnings and employment patterns over the life cycle, patterns of contributions to pensions, and correlations between capital market and labor income patterns. It is also necessary to link these to 'metafiles' containing information on pension parameters as well as those of other related programs. For instance, if the goal is to model the range of benefit outcomes under a specific DB plan, the analyst must know the rules pertinent to job-changing or layoffs, vesting and backloading of benefit formulas, and the risk of DB plan closure due either to plan termination or sponsor bankruptcy. 25 Similar parameters would be required for CDC plans, along with some forecast of benefit and contribution adjustments when times require them. Without the richness of micro-level data, it will be difficult to test and model distributional outcomes from pension plan performance. When such 
